Abstract. The present radio-tracking study compared adult daytime microhabitat use by three large Australian native freshwater fishes (Murray cod, Maccullochella peelii, trout cod, M. macquariensis, golden perch, Maquaria ambigua) and introduced carp, Cyprinus carpio, in the Murray River, south-eastern Australia. The paper describes habitat patches used by all species and quantifies differences among species. All species were strongly associated with structural woody habitat (.68% cover), deeper (.2.4 m), slower water (,0.2 m s À1 ) closer to the river bank, with variations in substrate. Murray cod and trout cod used deeper habitats (2.8 m and 2.9 m, respectively), with higher surface water velocities (0.37 m s À1 and 0.49 m s À1 , respectively) and further from the bank than the habitats of golden perch (2.6 m; 0.31 m s À1 ) or carp (2.4 m; 0.20 m s À1 ), the latter species using wood higher in the water column than did cod species. Trout cod used habitats furthest from the bank and carp those closest. These data provide support and direction for reintroduction of structural woody habitat patches for rehabilitation which, in general, should have .70% cover, be .1.5 m high, located ,15% of the river channel (width) closest to the bank, with surface water velocities of 0.3-0.6 m s
Introduction
Riverine fish habitats consist of many variables relating to water quality and quantity and in-stream structure, including depth and velocity, channel form, substratum, other physical structures and stream position (Kramer et al. 1997; Rosenfeld and Hatfield 2006) . These habitat variables, or combinations of them, occur in patches that vary in size, quantity and quality, and are located heterogeneously across the 'riverscape' (Fausch et al. 2002; Wiens 2002) . Fishes are expected to select preferred variables that will maximise their fitness (Krebs and Kacelnik 1991) and, hence, their abundances tend to be clustered around more suitable habitat patches, depending on the needs of each species (Inoue and Nakano 1998) . Habitat quality and the selection of optimal habitats can affect fish condition (OlivaPaterno et al. 2003) . Habitats may change both temporally and spatially (Naiman and Latterell 2005) and use can be influenced by habitat availability (Grossman and Freeman 1987) , and interand intra-specific interactions (Natsumeda 1998) .
Globally, lowland riverine fishes face many threats and conservation challenges (Dudgeon et al. 2006; Cooke et al. 2012) , especially in semi-arid systems (Filipe et al. 2002) and habitat degradation has contributed to the decline of freshwater fish populations (Cadwallader 1978; Cowx and Welcomme 1998; Cooke et al. 2012) . The importance of structural habitat for fish has been widely recognised (Matthews 1998) and is a cornerstone central to the management of fishes (Rice 2005) , especially keystone species (Naiman and Latterell 2005) . Protecting and rehabilitating habitats is hence critical for conservation management and threatened-species recovery (Freeman and Freeman 1994; Peterson and Rabeni 2001) and this involves understanding the habitat needs of fish species (Rice 2005; Rosenfeld and Hatfield 2006) . Detailed habitat requirements of species can be used to develop models to predict priority areas for their conservation or rehabilitation (Filipe et al. 2002) . Because habitat patches occur at differing scales, understanding fish-habitat patch relationships is essential (Wiens 2002) , as2004; Koehn and Lintermans 2012) . The three native species studied here, Murray cod, Maccullochella peelii (Mitchell), trout cod, M. macquariensis (Cuvier) and golden perch, Macquaria ambigua (Richardson), are iconic, large-bodied fish that co-occur at reaches of the Murray-Darling Basin (Lintermans 2007) . All three species are considered to be opportunistic predators (Ebner 2006; Baumgartner 2007; Lintermans 2007) and are popular angling species. Whereas the populations of all native species have suffered substantial declines, Murray cod and trout cod are listed as nationally threatened (www. environment.gov.au/biodiversity/threatened). Take of trout cod by anglers is prohibited and Murray cod is managed as a species for both conservation and for the recreational fishery (Koehn and Todd 2012) . Previous studies have described Murray cod as a demersal (Koehn 2009b ) main channel specialist, on the basis of its early life history (King 2004; Koehn and Harrington 2005; and macro-habitat selection (Koehn 2009a) . Both Murray cod and trout cod have strong preferences for structural woody habitats (Growns et al. 2004; Nicol et al. 2007; Koehn 2009a) . Trout cod habitats have often been considered to be similar to those of Murray cod, perhaps preferring faster waters (see Koehn and O'Connor 1990) . Although populations of golden perch have declined, this species remains widespread and relatively abundant (Lintermans 2007) .
Carp Cyprinus carpio (L.) is an introduced species that has dominated many Australian fish communities in lowland rivers of the Murray-Darling Basin, both in numbers and biomass, and has received much attention as a pest species . Comparison with Australian native fish species, including those from the Murray-Darling Basin, indicates considerable ecological differences (Koehn 2004) . Carp is a mid-water schooling species and an omnivore that feeds by sifting through the substrate (see Koehn et al. 2000) . The use of wetlands by adult carp, especially for spawning, is well documented Jones 2006a, 2006b ), but carp also uses habitats in the main river channel. High carp abundances have been suggested to be a potential contributor to the decline in native fishes and a factor that may inhibit rehabilitation of native fish populations Murray-Darling Basin Commission 2004) . There is the potential for competition by carp for physical habitat space used by native species at both local (Crook et al. 2001) and larger scales (Boys and Thoms 2006) and, although habitats of juvenile carp have been determined to be different from those of juvenile Murray cod (Jones and Stuart 2007) , interactions with adult native species have not been quantified.
The importance of structural woody habitats to riverine fish has been widely recognised with positive relationships reported for many fish species in a range of different aquatic habitats (see Crook and Robertson 1999; Dolloff and Warren 2003; Nagayama et al. 2012) . The reinstatement of structural woody habitats is seen as a key rehabilitation measure (MurrayDarling Basin Commission 2004; Koehn and Lintermans 2012) , with the assumption that it will be used by most largebodied native fish species. Information from individual studies on the three native species considered in the present study does suggest that they may occupy similar habitats in lowland rivers and also have strong associations with structural woody habitat (Crook et al. 2001; Growns et al. 2004; Koehn et al. 2004; Boys and Thoms 2006; Jones and Stuart 2007; Nicol et al. 2007; Koehn 2009a ). There has, however, been no examination of microhabitat use by these species and carp simultaneously, with previous studies having been conducted at different times, in different locations, with different methods (e.g. radio-tracking, electrofishing collection) and at different scales, making comparisons of habitat use difficult. For example, the size of study sites has varied considerably from Lake Mulwala (4390 ha, maximum width 4 km, maximum depth 14.6 m; Koehn 2009a) to the Broken river (width 10-50 m, maximum depth 4 m; Crook et al. 2001) . There is a growing trend towards the multi-species management (species assemblages or communities) to maximise benefits from expenditure on river rehabilitation measures (Minckley et al. 2003; Murray-Darling Basin Commission 2004; Koehn and Lintermans 2012) . Hence, there is a need for an understanding of comparative habitat use by multiple fish species; do all species use the same habitats, particularly in-stream structural wood; or is there differentiation in use among the species?
The present study describes microhabitat use during daylight hours by three native (two threatened) and an introduced largebodied fish species at the same temporal and spatial scale in the Murray River in south-eastern Australia. It quantifies the characteristics of the physical habitats used by each species compared with those available and each other species. It then uses these data to provide direction for the reconstruction of structural woody habitat patches.
Materials and methods

Study area
The study was conducted in a 40-km reach of the Murray River, downstream of Lake Mulwala (36800 0 S, 146800 0 E; see Koehn 2009a). The Murray River in this region is a large, lowland river situated on low-gradient riverine plains, with low energy, and is characterised by meandering bends (Mackay 1990; Rutherfurd 1990 ). The Murray River in the study reach is highly regulated because of upstream storages and flows have been affected by water storage in winter and spring and the delivery of water for irrigation in summer, leading to a pattern of seasonal flow reversal (i.e. high summer, low winter flows, Close 1990; Thoms et al. 2000) . The average river width is 108 m, with an average depth of 2 m at low flows and a maximum depth of ,11 m under normal conditions. This reach of river has been considered to have good water quality, with conductivity ,50 EC and abundant structural woody habitat, with few records of removal in comparison with other sections of the river (Thoms et al. 2000; Koehn et al. 2004) .
Data collection
Habitat use was determined by radio-tracking fish implanted with radio-transmitters. Fish were caught with a boat-mounted electro-fisher (7.5 GPP, Smith Root, Portland, Washington, USA) and weighed and measured. Each fish to be tagged was anaesthetised using 5 mg L À1 of Maranil (Fort Collins, Colorado, USA) solution, and a 48-49 MHz transmitter (Advanced Telemetry Systems, Isanti, Minnesota, USA) was then surgically implanted into their abdominal cavity. The weight of the transmitter never exceeded 2% of the fish bodyweight (Knights and Lasee 1996) in air or 1.25% of the weight in water (Winter 1983) . Fish were revived, released at the point of capture and tracking commenced only a minimum of one month later. Detailed descriptions of tag implantation, sterile procedures and antiseptics used to prevent infections, radio-tracking and habitat measurement methods are given in Nicol et al. (2007) and Koehn (2009a) . Habitat data were collected only for fish located in a stationary position. Eighteen Murray cod, 18 trout cod, 19 golden perch and 19 carp individuals were radio-tagged for the study (Table 1 ). The transmitters contained a 'mortality switch' (a mercury motion sensor) that indicated a lack of movement and potential fish mortality. If a fish was missing during a tracking session (i.e. no live or mortality signals detected), it was assumed that the fish had migrated away from the study site, had been caught and kept by anglers or there had been transmitter failure.
Fish were tracked by boat during daylight hours by using a receiver and antenna, with care taken to avoid any disturbance, and could be located with an accuracy of 0.19 (AE0.13 s.e.) . Vertical location could not be determined, but a subset of tagged fish fitted with pressure transmitters had deemed Murray cod to be largely a demersal species (Koehn 2009b) . Once a fish was located, its position was marked with a buoy. Habitat variables were then measured at the location of the fish and in the area immediately surrounding the location using the grid method outlined in Nicol et al. (2007) . Briefly, a 12 m Â 12 m grid was centred on the location of the fish and divided into sixteen 3 m Â 3 m cells. In each of the grid cells, the presence/absence of structural woody habitat and overhanging vegetation was recorded and water depth measured. Water depth and the presence of structural woody habitat in the cell were determined using a Lowrance model X-16 paper trace echo sounder (Lowrance, Tulsa, Oklahoma, USA) mounted on the rear of a 4.3-m flat-bottom boat. Overhanging vegetation was recorded from visual observations looking upward. The water-depth readings in each cell were averaged across the grid (GMD). The coefficient of variation for this mean was calculated to provide an estimate of the bed heterogeneity within the grid (CVD). The proportion of cells with structural woody habitat and overhanging vegetation was calculated for each location to provide an estimate of the abundance of structural wood (GWD) and cover of overhanging vegetation (GOHV) within the grid. At the location of each fish, water depth (DEP) and the height of any structural wood (WDH) up into the water column was measured using the echo sounder. To quantify lateral position of the fish within the river channel, the channel width, distance from each fish to the nearest bank (DNB) and to the maximum cross-sectional depth of the river (DMDT) were measured using a forester's hip chain. The maximum depth of the cross-sectional transect was recorded with the echo sounder (MDT). The variable DMDT indicated whether the fish location was in the low-flow channel of the river or in the medium-to high-flow areas. DNB was divided by river width to provide an estimate of lateral position corrected for variation in river width (CHW). Surface water velocity was measured over a 20-s interval using an OSS-B1 velocity meter (OSS, Sydney, Australia). Variables recorded at each location are listed in Table 2 .
To provide a measure of habitat availability, random habitat locations were selected and habitat measurements recorded using the same methods as outlined above. The locations of these sites were pre-defined at the commencement of the study, with longitudinal (i.e. how far along the river bank), and lateral (i.e. how far from the bank) positions determined using a random-number generator. One of these sites was then selected within 800 m upstream or downstream of the location of a radiotagged fish (regardless of whether the site was new or had been previously occupied). After an alternative habitat site was measured, it was deleted from the list so that it could be measured only once.
Statistical analysis
We used generalised linear mixed modelling (GLMM) in combination with principal components analysis (PCA) to estimate the fixed effect of species and season on habitat use by each species, and the extent to which individuals varied in their use of habitat (random effect). GLMM with Laplace approximation was used because the dataset was unbalanced because of all individuals not being located on all sampling occasions. We followed the guidelines from Bolker et al. (2009) to build the GLMMs and interpret the analysis using the lme4 package (Bates et al. 2013) in the R language and environment version 2.15.2 (R Development Core Team 2012). The small number of observations per individual meant that there was an insufficient number of replicates to estimate the variance components of all habitat variables measured and their interactions. Careful selection of model terms, based on both biology and the data, was warranted and rather than excluding some habitat variables because of lack of statistical power, we kept all habitat variables by using PCA. PCA summarises a multi-variate dataset to reduce its dimensionality. It generates orthogonal linear combinations (principal components) of the habitat variables and we used these principal components in the GLMM as the response variable. Significant correlations between the principal components and the original habitat variables were used to describe each dimension. To determine the number of PCA dimensions to include in the GLMM, we examined a scree plot to evaluate the variance explained by each component (Quinn and Keough 2002) . All habitat variables were standardised to a mean of 0 and variance of 1 before the PCA was performed in the R add-in package 'FactoMineR' (Husson et al. 2009 ). We checked that the variances across categories and groups were homogeneous by using box and whisker plots and that the random effects were normally distributed in the GLMM using quantile-quantile plots. We also checked the GLMM for correlation between different parameters in the random effects and observed perfect correlation between some parameters. The GLMM was constrained to modelling the intercept only (1|fish) as the random effect and the main effects without an interaction term to avoid this over-fitting. A likelihood ratio test was used to ascertain support for inclusion of each fixed effect.
To evaluate how significant fixed effects from the GLMM related to the principal components, we added species and season as supplementary categorical variables to estimate the correlation between each principal component and the species in the PCA. We computed 95% confidence ellipses for each of the categories of the species and season groups to visualise the significant differences between species and season using FactoMineR (Husson et al. 2009 ).
Results
The number of habitat measurements recorded for each species was as follows: Murray cod 103, trout cod 134, golden perch 134, carp 103, with a corresponding 409 random sites (Table 1) . Five Murray cod individuals, three trout cod individuals, one golden perch individual and one carp individual were never located by radio-tracking (Table 1) , despite additional tracking by aircraft being undertaken over a river length of 250 km from the centre of the study site (see Koehn et al. 2008) , or had mortality switches activated.
All species were strongly associated with structural woody habitat (.68 AE 0.05% grid cover) and had positive association to deeper (.2.4 AE 0.2 m), slower water (,0.2 AE 0.04 m s À1 surface velocity), closer to the river bank, with variations in substrate ( Table 2 ). There were, however, considerable differences among species for many variables. Murray cod (2.9 AE 0.2 m) and trout cod (2.8 AE 0.2 m) used deeper habitats than did golden perch (2.6 AE 0. ) habitats in locations further from the bank (0.15 AE 0.02 CHW) and closer to the low-flow channel than those of the other species (0.9-0.10 AE 0.01 CHW). Carp had the greatest habitat overlap with golden perch and both used structural wood higher in the water column (1.5 AE 0.2 m) than did the cod species (1.2 AE 0.2 m).
The GLMM and PCA supported these observations. The first two dimensions of the PCA explained the majority of the variance (32% and 28% for Components 1 and 2, respectively) and we considered this sufficient to use only these two components for further analyses. The remaining components explained 11%, 8%, 6%, 5%, 4%, 3%, 2% and 1% respectively. The first principal component was characterised by positive correlations with structural woody habitats (GWD and WDH) and deeper sections of the river (MDT) and negative correlations with longer distances to the bank (DNB and CHW) and higher surface velocities (VEL) ( Table 3 ). The second principal component was characterised by positive correlations with deeper water (GMD and DEP) and higher surface water velocities (VEL) and negative correlations with larger distances to the low-flow channel (DMDT) and bed heterogeneity (CVD) ( Table 3) . A plot of the first and second component axes shows that fish were using only a subset of the available habitat (Fig. 1) . This corresponded to habitat with deeper water that has high amounts of structural woody habitat close to the bank (Fig. 2) .
The variance range for the predictions of the intercept for the random effect in the GLMMs included zero for all individuals except for three trout cod and two golden perch individuals, and one Murray cod and one carp individual. There was support in the GLMMs for the inclusion of species effects on Principal component 1 and a season effects on Principal component 2 (Table 4 ). The correlations between Principal component 1 and carp, golden perch and Murray cod were positive and statistically significant and negative and statistically significant for available habitats (Table 5 ). The correlations between Principal component 2 and trout cod and Murray cod were positive and statistically significant and negative and statistically significant for carp (Table 5 ). The 95% confidence ellipse confirmed Table 2 for descriptions of variable names). statistically significant differences between the habitats used by the four species and available habitat and differences among the species (Fig. 3) . The habitats of Murray cod and trout cod were significantly different from the habitats of carp and golden perch (Fig. 3) . Similarly, the 95% confidence ellipses demonstrated statistically significant differences between summer habitats and those of spring, autumn and winter (Fig. 4) . A statistically significant difference was also detected between winter and spring and autumn habitats (Fig. 4) .
Discussion
There is a need for detailed knowledge of the habitat requirements of riverine fishes, especially threatened species, for conservation management and habitat rehabilitation (Rosenfeld and Hatfield 2006; Cooke et al. 2012) . Understanding habitat patch dynamics (Winemiller et al. 2010) can help predict priority areas (Filipe et al. 2002) that can cater for multiple species (Welcomme et al. 2006 ). The present study of adults of four large Australian freshwater fishes in the Murray River has provided quantification of their comparative daytime microhabitat use within the same river reach, under the same environmental conditions. Results showed that fish were not randomly distributed, but rather selected microhabitats that could be described by structural parameters. All species used only a subset of available habitats, generally selecting similar microhabitats with a strong association with structural wood. In addition, all species typically used habitats that, on average, were deeper, had lower surface water velocities and a heterogeneous river bed, and were closer to the river bank than were the habitats randomly available. This supports the contention that fish respond to habitat patchiness within rivers (Schlosser 1991) by selecting patches of suitable habitat (Inoue and Nakano 1998), often with broad overlap in habitat use among species (Gido and Propst 1999) . All species were positively associated with structural woody habitat, supporting individual observations reported by other individual studies, including adult, juvenile and Age-0 Murray cod in the nearby Ovens River and Lake Mulwala (Koehn 2009a ) and trout cod (Growns et al. 2004; Nicol et al. 2007 ). Wood has also been shown to be an important habitat attribute for the closely related Mary River cod, Maccullochella mariensis (Simpson and Mapleston 2002) . The observations of all of these Maccullochella species utilising structural woody habitats suggest that this may be an important habitat predictor for this genus where structural woody habitats are a natural feature of the rivers throughout their range. There was a strong positive association with both the height of this wood in the water column and its abundance (.68% cover). The occurrence of structural woody habitat in this reach is largely determined by trees falling from eroding banks, creating patches where the structural woody habitat load is high and areas where it is low . Although the overall loads of structural woody habitat have been considered to be high in comparison with other reaches of the Murray River (Thoms et al. 2000) , our results indicated that areas of high density are still relatively rare in this river reach (average 20% cover). Crook et al. (2001) reported a positive association between golden perch and structural woody habitat in pools, but an unexpected negative association with structural woody habitat at larger scales, possibly because of peculiarities with wood distribution at their study site. Murray cod, golden perch and carp were all associated with structural woody habitat more than any other mesohabitat type in the Barwon-Darling River system in Australia (Boys and Thoms 2006) and Murray cod was consistently associated with wood at all sites.
Structural woody habitat that extends higher into the water column is used more by golden perch and carp than by Murray cod and trout cod and this may be explained by differences in habits of these species. Murray cod is known to be largely demersal (Koehn 2009b) , whereas golden perch and carp have been described as mid-water species (Lintermans 2007) . These latter two species may use tree branches that extend up into the water column, an observation also made while collecting fish for the present study, whereas Murray cod and trout cod use the trunks and larger branches lying on the river bed. Branching complexity of structural woody habitat has been considered important in meeting the habitat needs of a range of fish species (Newbrey et al. 2005) . All species used habitats with greater bed heterogeneity than was generally available and it is likely that this is strongly associated with wood being present at the site. Structural woody habitat can alter the local hydraulics in rivers by deflecting the flow which in turn generates scour, ultimately resulting in pool and bar formation in large alluvial rivers (Lisle 1986; Abbe and Montgomery 1996) . These scour pools can provide additional areas of zero or low velocities and, consequently, provide further shelter from river currents (Abbe and Montgomery 1996) , while allowing fish to remain close to faster velocities for feeding (Lehtinen et al. 1997) .
Although there was considerable overlap, there were also significant differences in habitat use by each species. The greatest similarity in habitat use was shown for Murray cod and trout cod, with golden perch and carp also using habitats more similar to those of each other. Trout cod used faster water, further from bank and closer to the low-flow channel than did Murray cod. These habitats were deeper, had higher surface water velocity and were further from the bank than were those used by golden perch and carp, with carp using slower water and habitats more distant from the low-flow channel than did golden perch. Carp has also been observed to inhabit off-stream waters with slow or zero velocity Stuart and Jones 2006a; J. Koehn, pers. obs.) . Carp has been shown to have ecological characteristics different from those of many other Australian native species, including fish species of the MurrayDarling Basin; however, this mainly relates to their diet and feeding (Koehn 2004) . The habitats used by carp in the present study were similar to those of the native species, in particular golden perch, but differed by generally having a slower flow and by being shallower and closer to the river bank. The similarity in habitat use between carp and golden perch was supported by observations of capture of both species from the same location when electrofishing during the present study. The differences in microhabitat use among species in our study were consistent with the hypothesis that resource partitioning facilitates the coexistence of species (van Snik Gray and Stauffer 1999) .
It is recognised that the present study was limited to daylight hours because of the difficulties of tracking these fish in these habitats, and hence it was not possible to obtain equivalent night-time habitat data. Observations from the present and other studies (Crook et al. 2001; Thiem et al. 2008) have suggested that at least the three native species move more widely at night, using a greater range of habitats. Crook et al. (2001) reported golden perch and carp to use habitats with similar water velocities during the day, but that golden perch used highervelocity areas at night. Nevertheless, the high levels of fidelity shown to these sites (Crook et al. 2001; Koehn et al. 2008 Koehn et al. , 2009 indicated their importance as home-habitat areas from which other local movements occur. The preference by trout cod for faster waters reflects the distribution of this species, which was once more widespread, particularly in higher-gradient upland streams (Trueman 2011) . Interestingly, the re-establishment of trout cod populations has been limited in those smaller, upland habitats, whereas several populations have been established in lowland reaches (Koehn et al. 2013) .
Seasonal differences in habitat use may be partly due to increased water velocities, river widths and depths from higher flows. In this case, this is largely due to constant high irrigation flows that occur during summer and autumn in this regulated river, rather than the natural winter-spring flooding (Close 1990 ). The impact of such changes on populations, distances moved and variations in habitat use by individual fish over time, comparison of habitat use between the sexes, and intra-and inter-specific variations in use by season, sex or fish size are all interesting questions for future research, but were beyond the scope of the present study.
Structural woody habitat may provide a range of benefits to fishes, including velocity refuges, territorial markers (Crook and Robertson 1999) and attachment sites for many invertebrates (O'Connor 1991) that may be used as prey (Ebner 2006; Baumgartner 2007 ). The accumulation of detritus in low-flow areas may attract the benthic-feeding carp to the associated invertebrate community (Malmqvist et al. 1978) . By experimentally adding or removing structural woody habitats from stream sections, it has been shown that sections with structural woody habitats supported more and larger fish than did cleared sections (Angermeier and Karr 1984; Nagayama et al. 2012) . Removal of structural woody habitats from the Murray River and other rivers in south-eastern Australia has been widespread (see Koehn et al. 2004) , and this loss of fish habitat has often been cited as a reason for the decline of native fish populations (Cadwallader 1978) . The identification of structural woody habitats as an important habitat for the three native fish species supports the reintroduction of structural woody habitat as a habitatrestoration measure to rehabilitate native fish populations (Murray-Darling Basin Commission 2004; Nicol et al. 2004) .
Data from the present study can be used in the development of the best design and configuration of in-stream wood construction sites and to assist in predicting outcomes and setting measures for its success (Boavida et al. 2012) . This is particularly relevant to the reconstruction of woody habitats ) as a recovery action for threatened species such as Murray cod and trout cod, especially where they may co-occur (Trout Cod Recovery Team 2008; National Murray Cod Recovery Team 2010) . Although it is recognised that, the measures (Table 2) will not be absolutely applicable to other sites (e.g. because of differences in size and depths), the present paper has provided general guidance to assist such habitat reconstruction. For example, to benefit the native fishes, patches of structural woody habitat should have cover of .70%, be located within the 15% of the river channel (width) closest to the bank, in waters with surface velocities of 0.3-0.6 m s À1 and extend .1.5 m into the water column. Wood in faster areas may give trout cod a competitive advantage over Murray cod or carp. The study also highlighted the importance of substrate undulations that are caused by water scour associated with in-stream wood. The present paper has described the comparative microhabitat use by four large-bodied fish species in the Murray River. Importantly, the study was conducted at the same temporal and spatial scale, allowing a 'real time' comparison. It showed that each species uses only a small proportion of the available habitats and indicated that the use was heavily influenced by the presence of structural woody habitat. It quantified the habitat variables used by each species and examined inter-specific differentiation. The use of habitat patches indicated that reconstructed habitats may be used by multiple native species, hence maximising environmental benefits. This can be used to increase the positive perceptions by both the public and managers of the beneficial outcomes from woody-habitat reconstruction as a rehabilitation action (Chin et al. 2012) . The differences in habitat use shown can be used to design habitats that are more suited to the native species (e.g. comparatively faster waters) than for the introduced carp. The study has highlighted the importance of structural woody habitats for all species, hence supporting its reintroduction as a rehabilitation measure.
